INTRODUCTION {#sec1-1}
============

Neuroendocrine carcinomas comprise a heterogeneous group of tumors that represent a spectrum of disease varying from well-differentiated tumors (e.g., carcinoid tumor) to poorly differentiated tumors, such as small-cell carcinoma (SCC) and large-cell neuroendocrine carcinoma (LCNEC). The high-grade or poorly differentiated neuroendocrine carcinomas are characterized by a more aggressive course, early metastases, and poorer prognosis.

SCCs and LCNECs are uncommon in serous body cavity effusions.\[[@ref1]--[@ref3]\] Due to this rarity, the diagnosis may be challenging for cytopathologists looking at exfoliative cytology specimens. Additional difficulties that may be encountered in fluid cytology include the overlapping morphology between non-neoplastic (lymphocytes) and similar neoplastic entities, scant cellularity, predominance of apoptosis or cellular debris, and artifactual distortion. In addition to the morphological difficulties, there may also be difficulty acquiring sufficient material for ancillary studies.

There are relatively few published reports that discuss the cytomorphologic spectrum of SCCs and LCNECs in serous effusions.\[[@ref1]--[@ref10]\] The majority of these articles are case reports or only small series of cases.\[[@ref1]\] The goal of this study is to describe the cytomorphological features of SCCs and LCNECs in a large number of serous effusion specimens. In addition, the role of ancillary studies in establishing a diagnosis in difficult cases is discussed.

MATERIALS AND METHODS {#sec1-2}
=====================

During a period of 60 months between January 2005 and December 2009, we examined 5171 serous fluid cytology cases at our institution, of which 53 were identified as positive for SCC and 15 as positive for LCNEC \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\]. These 68 cases included in this study were identified by retrospectively searching the CoPath computer database for cases that had a diagnosis of small-cell carcinoma or neuroendocrine malignancy in the final diagnosis or diagnostic comment. For each case, data regarding patient age, gender, final diagnosis, diagnostic comments, ancillary studies, previous malignant diagnoses, and all available clinical information and histologic material were recorded. At the time of final interpretation, Papanicolaou-stained, ThinPrep slides, and Diff-Quik-stained cytospins were reviewed along with two H and E-stained sections from cell block preparations. These slides were evaluated and interpreted in conjunction with the results from ancillary studies to render a final diagnosis. Immunohistochemistry was performed on deparaffinized, formalin-fixed cell block sections using a variety of different antibodies on the Ventana Benchmark^®^ XT system (Ventana Medical Systems, Tucson, AZ), which are listed in [Table 3](#T3){ref-type="table"}. The following cytomorphological data were gathered from each case: cell clustering characteristics (small- and large-cell clusters), single-cell arrangements, presence of necrosis/apoptosis, presence of nucleoli, presence of molding, and the presence of tumor cell cannibalism \[[Table 4](#T4){ref-type="table"}\]. Each of these parameters was graded as none/rare (\<25%), moderate (\>25%r more -50%), and significant (\>50%). The data were analyzed using descriptive statistics. Institutional review board approval was obtained for this study.
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Characteristics of serous effusion cases with SCC and LCNEC (n = 68)
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Distribution of cases with metastatic serous effusions (n = 68)
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Antibodies, clone, host, source, and dilution of antibodies used
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###### 

Cytomorphologic characteristics of malignant effusions with SCC and LCNEC
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RESULTS {#sec1-3}
=======

Clinicopathological features {#sec2-1}
----------------------------

We identified a total of 68 malignant effusions from 53 patients with the diagnoses of small-cell carcinoma (53 cases, 78%) and LCNEC (15 cases, 22%). The clinical features of these cases are summarized in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. The average patient age was 73 years (range 43-92 years). There were 56 cases (82%) attributed to a lung primary and 12 cases that metastasized from a nonpulmonary primary that included 6 cases from the pancreas, 2 from the colon, 2 from the cervix, and 2 cases from the head and neck region. The location of the effusions was pleural (60 cases), peritoneal (5 cases), and pericardial (3 cases). The majority of the cases had no history of malignancy of the same type (48 cases, 71%), with only 20 cases (29%) having a known diagnosis of SCC or LCNEC at clinical presentation of the effusion.

Cytopathological features {#sec2-2}
-------------------------

Architecturally, there were three cytomorphological predominant patterns \[Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"} and Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}\], including: (1) small-cell clusters with nuclear molding (33 cases, 49%); (2) large-cell clusters mimicking non-small-cell carcinoma (18 cases, 26%); and (3) single-cell pattern mimicking non-Hodgkin\'s lymphoma (17 cases, 25%). In both patterns 1 and 2, chains of small cells with nuclear molding were present.

![Small-cell carcinoma with a predominance of small clustering and nuclear molding in pleural fluid. The cells of small clusters display nuclear molding and scant cytoplasm (left, DQ. ×400). The nuclei are dark with a finely granular chromatin texture and inconspicuous nucleoli. Cannibalism and some cytoplasm are also seen in middle (Pap Stain, ×200). The cell block (right, H and E stain, ×400) shows a halo around a small cluster, a feature more commonly seen in fluids with adenocarcinoma](CJ-8-18-g005){#F1}

![Small-cell carcinoma with a predominance of large clusters in pleural fluid. The cells have wrapped themselves around one another forming large cell clusters (left, Pap stain, ×400). Cell block (right, H and E, ×200) shows a lacuna around large clusters with hollow cores and pseudo-lumen caused by tumor cell necrosis. Synaptophysin immunostain (right lower, x400) confirms neuroendocrine differentiation in these tumor cells](CJ-8-18-g006){#F2}

![Small-cell carcinoma with a predominant single-cell pattern mimicking lymphoma in pleural fluid. The nuclei show a finely distributed granular chromatin texture and small nucleoli, left and middle (Pap stain, left ×200 and middle ×400). Chains of small cells with nuclear molding (middle, center of the image) and karyorrhexis (left) are seen. In cell block sections (right, H and E stain, ×400) tumor cells display a discohesive pattern](CJ-8-18-g007){#F3}

###### 

Summary of cytomorphologic spectrum of effusion with SCC and LCNEC, n = 68

![](CJ-8-18-g008)

In pattern 1, the cells had a small nuclear size, with a diameter approximately two to three times larger than that of small lymphocytes. The small cells displayed nuclear molding and scant cytoplasm. The nuclei were dark with a finely granular chromatin and inconspicuous nucleoli. In the cell block sections, malignant cells often showed nuclear molding, scant cytoplasm, and a halo around clusters \[[Figure 1](#F1){ref-type="fig"}\]. In contrast to the background lymphocytes and mesothelial cells, the tumor cells were hyperchromatic, pleomorphic, and displayed marked nuclear contour irregularity. Tumor cell cannibalism was seen in this pattern. This pattern was seen in 69% of LCNEC cases and 42% of SCC cases \[[Figure 1](#F1){ref-type="fig"}, middle\].

In pattern 2, tumor cells commonly arranged in large clusters mimicking adenocarcinoma. The crescent-shaped small cells wrapped themselves around one another (onion-ring-like morphology). Chains of small cells with nuclear molding were often present peripheral to the large clusters. In the cell block sections, malignant cells often showed an empty space (lacuna) around large clusters. Large structures showed necrosis in the center mimicking a lumen seen in adenocarcinoma \[[Figure 2](#F2){ref-type="fig"}, right\]. This pattern was not seen in any of the LCNEC cases but was observed in 35% of SCC cases.

In pattern 3, there was a predominant single-cell pattern that mimicked non-Hodgkin′s lymphoma in serous fluids. Chains of small tumor cells with nuclear molding were occasionally seen. The nuclear features of these tumor cells were similar to those noted in pattern 1, such as granular chromatin and inconspicuous nucleoli. Karyorrhexis \[[Figure 4](#F4){ref-type="fig"}\] was more commonly seen in this pattern (13 cases, 76%). In cell block sections from these cases, tumor cells displayed a discohesive distribution mimicking lymphoma or lymphocytosis \[[Figure 3](#F3){ref-type="fig"}\]. This pattern was seen in 31% of LCNEC cases and 23% of SCC cases.

![Small-cell carcinoma with marked apoptosis and small nucleoli seen in the Thin Prep (left and middle, Pap stain, ×200 and ×400, respectively) and cell block (H&E stain, × 400)](CJ-8-18-g009){#F4}

Other features such as apoptosis (karyorrhexis), nucleoli, and tumor cell cannibalism were identified in some cases of serous effusions with metastatic SCC \[Figure [4](#F4){ref-type="fig"}--[6](#F6){ref-type="fig"} and Tables [4](#T4){ref-type="table"}--[5](#T5){ref-type="table"}\]. Significant apoptosis was seen in 22 cases (33%) and marked cannibalism was recorded in 11 cases (16%). Prominent nucleoli \[Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}\] were noted in 16 cases (24%), and nuclear molding was seen in 41 (60%). Ancillary studies were used in 46 cases (68%) including flow cytometric studies in 5 cases. All cases with no history of malignancy had ancillary studies to confirm the diagnosis. In most cases immunostain studies were requested in a panel including BerEp4 or B72.3; at least one mesothelial markers (calretinin, CK 5/6, or WT-1), TTFCDx-2, ER, mamaglobin, CA125, Ki67, and one or more neuroendocrine and CD56). The most frequent neuroendocrine immunostain markers performed were synaptophysin (30 cases, 82% were positive, Figures [2](#F2){ref-type="fig"} and [5](#F5){ref-type="fig"}) and chromogranin (30 cases, 24% were positive).

![Large cell neuroendocrine carcinoma with prominent nucleoli shown in pleural fluid. The malignant cells have prominent nucleoli, nuclear enlargement and atypia. The cells also have a moderate amount of cytoplasm. (left upper, DQ cytospin, x400; left lower & right upper, Pap stain, x400; right lower, cell block H and E, x400; right lower, synaptophysin (top, x400) and CDX2 (bottom, x400) immunostains)](CJ-8-18-g010){#F5}

![Cytomorphology of small-cell carcinoma showing marked apoptosis (left, Pap stain, ×200) and marked cannibalism (middle and right, Pap stain, ×400). \[Note: Some degree of cytoplasmic vacuolization is also seen (middle and right)\]](CJ-8-18-g011){#F6}

DISCUSSION {#sec1-4}
==========

High-grade neuroendocrine carcinomas, such as SCC and LCNEC, are known for their aggressive behavior and widespread metastases. However, they are rarely reported in serious body cavity effusions.\[[@ref1]--[@ref8]\] For example, SCC of the lung has been reported to cause a pleural effusion in less than 3% of patients.\[[@ref3]\] In addition, there are few published reports that discuss the cytomorphologic spectrum of SCC and LCNEC in serous effusions. To the best of our knowledge, this is the largest study to describe the cytomorphological spectrum of SCC and LCNEC in serous effusion specimens.

Our study shows that patients with SCCs or LCNECs involving serous effusions have distinct clinicopathologic features. The most common primary site where these malignancies arise is the lung (82%). Other less common sites of origin are the pancreas, cervix, colon, and head and neck. More than two-thirds of the patients in our series had no reported history of a neuroendocrine carcinoma. Of the 20 cases with a previous history of malignancy, the average interval from primary malignancy manifestation to effusion varied, with SCC having a much shorter interval compared with LCNEC.

SCC and LCNEC metastases showed a cytomorphologic spectrum within serous body cavities. Architecturally, they tend to show one of three patterns, which include a predominance of small-cell clusters (seen in both SCC and LCNEC, but more often in cases with LCNEC), a predominance of large tumor cell clusters (seen mainly in SCC), and a predominance of single tumor cells (seen in both SCC and LCNEC). About half of our cases presented predominantly with small-cell clusters. The cytological features of cases observed with a predominance of small-cell clusters have been well described in other publications.\[[@ref5][@ref6]\] Malignant cells that are arranged in small clusters are 2 to 2.5 times the size of lymphocytes, with scant cytoplasm. Nuclear molding, inconspicuous nucleoli, and typical salt-and-pepper nuclear chromatin are the typical features noted in SCC. Prominent nucleoli have been reported previously mainly in LCNEC. Based on these characteristic cytolomorphological, a feature along with accessory studies such as immunostains for neuroendocrine differentiation,\[[@ref3][@ref11]\] the diagnosis of SCC is not difficult to make.

However, when malignant neuroendocrine cells present predominantly as large-cell clusters, they are likely to be misdiagnosed as adenocarcinoma based on the cytomorphology alone. This is because small tumor cells, when aggregated into large clusters in serous effusions, develop a striking architectural similarity to adenocarcinoma. In cell block sections, malignant cells produce large clusters with a hollow center, which are characteristic cytological features seen in metastatic adenocarcinoma. In addition, a few chains of small tumor cells with nuclear molding were frequently present at the periphery of the large clusters. There are a few published articles that describe the cytological features of neuroendocrine tumors that exhibit a predominance of large-cell clusters in serous effusions. Recently, Cameron *et al*. reported a case of metastatic thymic well-differentiated neuroendocrine carcinoma in pleural fluid.\[[@ref12]\] The cytological fluid preparation in this previously published case showed multiple large balls of malignant cells ranging in size from 150 to 376 μm. The large cannonball-type of clusters showed smooth community borders. They were composed of uniform small tumor cells without nucleoli. Some of the clusters also had a vague rosette-like arrangement. Large spherical aggregates in this prior case were also identified in the cell block sections. Cavitation of large clusters, however, was not present.\[[@ref12]\] A similar feature has been described\[[@ref13]\] in cases of mediastinal endocrine neoplasms of probable thymic origin, related to carcinoid tumor. The neoplastic clusters in these reported cases presented as large round to oval "balls" of cells, frequently observed with central necrosis and rosette formation within larger cell balls.\[[@ref13]\] However, to make a definite diagnosis of neuroendocrine carcinoma, immunostaining with neuroendocrine markers is required.\[[@ref3][@ref11]\]

Approximately a quarter of our cases displayed a preponderance of single tumor cells in serous effusions. Karyorrhexis in such cases was commonly seen \[Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}\]. These cases mimicked non-Hodgkin\'s lymphoma in serous fluid.\[[@ref14][@ref15]\] Rarely, other diagnoses to entertain with a predominance of single cells in serous effusions are embryonal rhabdomyosarcoma\[[@ref16]\] and Merkel cell carcinoma.\[[@ref17]\] Apart from myosin immunoreactivity and the finding of myosin-type microfilaments ultrastructurally in rhabdomyosarcoma, these sarcoma cells have characteristic convoluted nuclei without prominent nuclear molding. A CK20 immunostain with a typical perinuclear dot-like staining pattern and immunopositivity with the novel Merkel cell polyomavirus (MCPyV) marker (CM2B4) can help diagnose Merkel cell carcinoma. Cases of SCC that present with a predominance of single tumor cells are not commonly seen in serous effusions. We report 17 cases of neuroendocrine tumors with a predominance of single cells. Recently, two separate groups of researchers reported a few cases of SCC also presenting mainly with single tumor cells in serous effusions. Khunamornpong **et al**.\[[@ref4]\] reported two cases of SCC of the uterine cervix in serous effusions. One of these two cases showed that almost all of the tumor cells in ascites presented with a single-cell pattern that mimics malignant lymphoma. Mitotic figures and karyorrhectic bodies in this case of cervical SCC were occasionally seen.\[[@ref4]\] Chhieng **et al** .\[[@ref3]\] reported eight cases of malignant pleural effusions due to small-cell lung carcinoma. The malignant cells in this small published series by Chhieng *et al*. reported serous effusions characterized mainly with a predominant single-cell pattern. Rare cellular aggregates were observed only in their cell block preparations. The definite diagnosis of SCC in these cases was confirmed by immunostains using synaptophysin and chromogranin.\[[@ref3]\] The differential diagnosis for cases in which one finds a predominance of single tumor cells in serous effusions includes SCC, lymphoma, rhabdomyosarcoma, and Merkel cell carcinoma. Immunohistochemical stains, and occasionally flow cytometry, may be crucial to definitely establish the correct diagnosis.

Finally, our data show that diagnosing LCNEC \[[Figure 5](#F5){ref-type="fig"}\] is more challenging than SCC. This is due to several reasons including rare nuclear molding (only 13%), presence of a significant apoptosis (67%), and the presence of prominent nucleoli in the majority of these cases (86%). These features in LCNEC mimic poorly differentiated tumors such as adenocarcinoma. Clinical history and ancillary studies in such cases are crucial for making the proper diagnosis.

CONCLUSIONS {#sec1-5}
===========

Our study reports 68 cases of SCCs or LCNECs metastatic to body fluids and predominantly occurred in patients without a history of malignancy. There were three predominant cytomorphological patterns seen in this series. The most common cytomorphological pattern observed was a predominance of small clustering of tumor cells. However, in approximately half of these cases, the pattern was either a single-cell pattern mimicking lymphoma or a large clustering pattern mimicking non-small carcinoma. Therefore, knowledge of the cytomorphological spectrum caused by neuroendocrine carcinomas in fluids may help in establishing timely and accurate diagnoses, which can help the management of afflicted patients.
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